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Abstrat
Preision measurements of branhing frations and CP asymmetries in non-leptoni
b→ s deays reveal ertain puzzles when ompared with Standard Model expeta-
tions based on a global t of the CKM triangle and general theoretial expetations.
Without referene to a partiular model, we investigate to what extent the (small)
disrepanies observed in B → J/ψK, B → φK and B → Kπ may onstrain new
physis in b → sqq¯ operators. In partiular, we ompare on a quantitative level the
relative impat of dierent quark avours q = c, s, u, d.
1 Introdution
Exlusive non-leptoni B meson deays remain a hallenge to theory. While semi-leptoni
B deays are well desribed within the heavy-mass expansion and allow for a rather preise
determination of the CKM matrix elements |Vcb| and |Vub|, exlusive non-leptoni deays
still annot be desribed at a similar level of preision. The methods that have been
proposed so far are based on the avour symmetries of QCD [1,2,3,4,5,6,7℄, the fatorization
of QCD dynamis in hadroni matrix elements [8, 9, 10, 11, 12℄, or ombinations thereof
[13, 14, 15℄. The level of preision that one expets from these methods is typially of the
order of tens of perent, and thus  exept for a few gold-plated observables  it will in
general be hard to pin down an eet from new physis (NP) in these deays. Still, from
the experimental side, the B-fatories have olleted suient information on deay widths
and CP asymmetries to allow for global ts of the Standard Model (SM) parameters, in
partiular of the elements of the Cabibbo-Kobayashi-Maskawa (CKM) matrix [16, 17℄.
The agreement between the standard theory and experimental data is overall satisfa-
tory, however, in some ases small tensions appear. In the present paper we fous on the
|∆B| = |∆S| = 1 deay modes B → J/ΨK, B → φK and B → Kπ, whih enter some
of the present-day puzzles. Taking the experimental results at fae value, we pursue the
hypothesis that these disrepanies with the SM alulations are due to non-standard ef-
fets [18℄. We adopt a model-independent parameterization in terms of isospin amplitudes,
where we allow for additional ontributions from generi NP operators. The moduli, as well
as the strong phases of the additional terms are then tted to experimental data on deay
widths and CP asymmetries. The new weak phase will generally remain undetermined due
to reparameterization invariane, as long as we do not attempt to x the hadroni SM
matrix elements. In the ase of B → Kπ deays we make use of additional theoretial
input from the QCD-improved fatorization approah (QCDF) [9℄.
Our paper is organized as follows: In the next setion we point out the tensions of the
SM t with present data, and give arguments for the way we are going to re-t the exper-
imental data inluding generi NP ontributions. In the following setion we disuss the
results of the ts for the individual deay modes and present our onlusions in Setion 4.
2 Phenomenology
2.1 Tensions with the Standard Model?
In the following we give a brief disussion of the present situation for the B physis ob-
servables that we are going to onsider, where the standard model displays some tension
with the data:
• The rst point onerns the global t of the CKM unitarity triangle. Here a small
mismath appears between the value of the CKM angle β obtained from the diret
measurement of the time-dependent CP asymmetry in B → J/ψKS and the indiret
determination of the same angle from the mass dierenes in the neutral B-meson
1
quantity value
sin 2β 0.758+0.012−0.021 ± 0.075
γ (59.6+2.1−2.3 ± 5.4)◦
Figure 1: Global t to CKM parameters from ∆md, ∆ms and |Vub/Vcb|excl.+incl.. Left:
Condene levels in the η¯ − ρ¯ plane. Right: Fitted values for CKM parameters, where
the rst error is treated as Gaussian, and the seond error is treated as at.
systems, ∆md/∆ms, in ombination with the measurement of |Vub/Vcb| from semi-
leptoni deays [17,19,20,21,22,23℄. In fat, using the values from [19℄, we nd for the
latter ase sin 2β = 0.758+0.012−0.021± 0.075flat (see Fig. 1), while the diret determination
using B → J/ΨKS yields sin 2β = 0.678 ± 0.025 [24℄. However, the signiane of
this eet depends strongly on the estimates of the theoretial unertainties, e.g. in
the determination of |Vub|, and an ertainly not be taken as a lear evidene for a
non-standard eet.
• The seond puzzle arises from the time-dependent CP asymmetry in modes like
B → φKS whih in the SM again yields a determination of sin 2β, although with less
preision. The value for β obtained from ts to several b→ ss¯s penguin modes1 does
not agree with the value from the CP asymmetry in B → J/ΨKS [24℄. While part
of the disrepany may be due to not well understood hadroni eets, it is at least
urious that the bulk of deay modes involving the b → ss¯s penguin systematially
yields a lower value for sin 2β than the one obtained from B → J/ΨKS (see also [26℄).
• Finally, the theoretial preditions for B → Kπ deay widths and CP asymmetries
are not always in very good agreement with the data. Within the QCD fatoriza-
tion approah the disrepany with the data an be brought to an aeptable level
(exept for, perhaps, the dierenes of CP asymmetries ∆A, see the disussion in
1
Following the arguments given by HFAG [24℄, we do not onsider the sin 2β value extrated from
B0 → f0KS for our disussion, due to the highly non-Gaussian error implied by the BaBar measurement
[25℄.
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Se. 3.5.1 below) by assuming partiular senarios within the hadroni parameter
spae, inluding undetermined 1/mb orretions [27℄. On the other hand, analyses
based on SU(3) avour symmetry for hadroni matrix elements typially have found
tensions of the order of (2− 3) σ [6, 11, 13, 16, 28, 29, 30, 31℄, depending on additional
assumptions about hadroni matrix elements. It should be noted that the tensions
related to the branhing frations have dereased sine the inlusion of eletromag-
neti orretions in the experimental analysis (for a reent update of the disussion
see, for instane, [32℄).
Let us, for the moment, take these tensions between theoretial expetations and ex-
perimental data at fae value: Assuming that they are not due to enormous deviations
from the fatorization approximation to hadroni matrix elements, we may try to loalize
in whih part of the eetive weak Hamiltonian we have to look for NP eets.
A rst possibility are non-standard ontributions in the harged b → u urrent whih
determines |Vub|. However, it is generally believed to be unlikely that these tree-level pro-
esses ontain sizeable NP eets. Likewise, the theoretial desription of QCD dynamis
in semi-leptoni deays is fairly well under ontrol, and hene we will not onsider this
possibility here.
A seond explanation ould be a non-standard ontribution in the mixing phase of the
|∆B| = 2 part of the eetive Hamiltonian, whih shifts the observed sin 2β to smaller
values. Suh a senario orresponds to a generalization of Wolfenstein's superweak inter-
ation [33℄. Obviously, it annot explain the dierenes in the sin 2β measurements from
b→ cc¯s and b→ ss¯s modes.
The third senario, whih is the one we are going to expand on in this work, is the
possibility to have an additional ontribution in the |∆B| = |∆S| = 1 part of the eetive
Hamiltonian. Evidently, the inlusion of suh terms an explain the ndings in B →
J/ΨKS and B → φKS, as well as in B → Kπ. When tted to experimental data,
the values for the NP ontributions, relative to the leading hadroni amplitudes in the
SM, an be as large as about 30%. If NP is the explanation for the tensions in non-
leptoni b→ s transitions, strutures beyond minimal-avour violation (MFV [34,35, 36℄)
are favoured, mainly beause the deviations in the B → φK CP asymmetries point towards
an independent NP phase, but also beause the onstraints on ontributions from dierent
avours q in b→ sqq¯ generally an be rather dierent in size.
3
3 Fit of new physis ontributions to experimental data
3.1 |∆B| = |∆S| = 1 transitions
Using the unitarity of the CKM matrix, the SM operator basis for non-leptoni b → s
transitions an be written as [37℄
H
|∆B|=|∆S|=1
SM =
GF√
2
VcbV
∗
cs
(
C1,2O
(c)
1,2 +
∑
i≥3
CiOi
)
+
GF√
2
VubV
∗
us
(
C1,2O
(u)
1,2 +
∑
i≥3
CiOi
)
,
(1)
where O
(q)
1,2 are the urrent-urrent operators, O3−6 the strong penguins, O7−10 the ele-
troweak penguins, and Cγ7 , C
g
8 the eletromagneti and hromomagneti operators, re-
spetively. At low energies, the eet of NP in |∆B| = |∆S| = 1 transitions will be
parameterized by new dimension-six operators. In the following we shall fous on generi
four-quark operators of the type b→ sqq¯ with q = (b), c, s, u, d, where the Dira and olour
struture will not be speied. In order to quantify the possible size of NP ontributions,
we will always assume the dominane of one partiular avour struture, and parameterize
the orresponding orretion to the SM deay amplitudes in a model-independent way.
3.2 Statistial framework
The parameter spae for the NP amplitudes is explored using the CKMtter pakage
[38℄. Here the amplitude parameters are treated as fundamental theoretial quantities,
and the statistial analysis provides the relative likelihood for a given point in parameter
spae (orresponding to model-dependent metrology in the CKMtter jargon). Other
theoretial parameters, like hadroni unertainties from SM physis, are treated using the
Rt-sheme, where the orresponding χ2-ontribution is set to zero within a theoretially
aeptable range, and set to innity outside. We will sometimes apply the same approah
to implement additional theoretial onstraints/assumptions on the amplitude parameters,
in order to suppress unphysial solutions.
3.3 Analysis of B → J/ΨK
For B → J/ΨK deays the ontribution of the seond term in the weak eetive Hamilto-
nian (1) is small beause of two eets:
• Cabibbo suppression: |VubV ∗us|/|VcbV ∗cs| ∼ λ2 ≪ 1
• Penguin suppression: (i) The operators O(u)1,2 do not ontain harm quarks, and the
hadroni matrix elements 〈J/ψK|O(u)1,2 |B〉 are suppressed. (ii) The oeients of the
loop-indued penguin operators Ci≥3 are small with respet to the tree oeients
C1,2.
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Table 1: Partial widths [21℄ and CP asymmetries [24℄ for B → J/ΨK.
ηCP SJ/ψKS −0.678± 0.026
CJ/ψKS 0.012± 0.020
ACP(J/ψK
−) 0.015± 0.017
Γ(B− → J/ΨK−) (6.13± 0.22) · 10−4 ps−1
Γ(B¯0 → J/ΨK¯0) (5.71± 0.22) · 10−4 ps−1
Furthermore, the eletroweak penguin operators an be negleted ompared to the strong
penguin operators. Consequently, in the SM the B → J/ψK deay amplitude is expeted
to be ompletely dominated by
A0(B¯ → J/ψK¯) = GF√
2
VcbV
∗
cs 〈J/ψK¯|C1,2O(c)1,2 +
6∑
i=3
CiO
(c)
i |B¯〉 (2)
where B¯ = {B¯0d , B−}, and we projeted out the leading [s¯bc¯c] omponent in every oper-
ator, Oi → O(c)i . In partiular, the amplitude is dominated by a single weak phase, and
onsequently the time-dependent CP asymmetry in B0 → J/ψKS is ompletely deter-
mined by the B0 − B¯0 mixing amplitude, involving the CKM angle β. Corretions from
the sub-leading operators have been estimated by perturbative methods at the b-quark
sale,
2
and found to give eets of the order of 10−3, only [39, 40℄. Long-distane penguin
ontributions have been estimated on the basis of experimental data to be not larger than
10−2 [41℄. Furthermore, the dominating operators in the SM deay amplitude onserve
strong isospin (∆I = 0), and therefore do not indue dierenes between the harged and
neutral B deays into J/ψK. The present experimental data is summarized in Table 1.
We note that the entral value for SJ/ψKS diers from the indiret determination for sin 2β
in Fig. 1, but the two values are onsistent within the errors. The disrepany beomes
slightly more pronouned, if one takes into aount the inlusive measurement for |Vub|
only, whih gives
sin 2β = 0.821+0.024−0.046 ± 0.068flat (using |Vub|incl. from [19℄).
Similarly, the entral values for the observed isospin-breaking in the CP asymmetries
(CJ/ψKS vs. −ACP(J/ψK−)) and partial widths dier from zero.
Allowing for generi NP ontributions with one weak phase θW , the amplitudes an be
written as
A(B− → J/ψK−) = A0(B¯ → J/ψK)
[
1 + r0 e
iθW eiφ0 − r1 eiθW eiφ1
]
,
A(B¯d → J/ψK¯0) = A0(B¯ → J/ψK)
[
1 + r0 e
iθW eiφ0 + r1 e
iθW eiφ1
]
, (3)
2
The authors of [39℄ only onsidered the eet of Ou1,2. In [40℄ important ontributions from C3−6 have
been inluded as well.
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where we have separated the ontributions to transitions with ∆I = 0 (i.e. tree-level
matrix elements with b→ scc¯ operators or long-distane strong penguins with b→ s(uu¯+
dd¯) or b → sss¯ operators) and ∆I = 1 (annihilation topologies with b → suu¯ or b →
sdd¯). We introdued the absolute values r0, r1 and strong phases φ0, φ1 for the hadroni
matrix elements assoiated with the orresponding NP operators, relative to the leading
SM amplitude.
3.3.1 Fit with ∆I = 0 only (new physis in b→ scc¯)
Among the ∆I = 0 and ∆I = 1 operators we expet the b → scc¯ term to give the
dominating ontributions to B → J/ψK deays, beause it has (unsuppressed) tree-level
matrix elements with the hadroni nal state. Therefore, let us rst assume that b→ scc¯
gives the only relevant NP ontribution in (3) whih amounts to setting r1 to zero, while r0
should be of the order m2W/Λ
2
NP. Then, the isospin breaking between harged and neutral
B deays is not aeted, and should not be part of the t. We are thus left with the
time-dependent CP asymmetries, dened as in [16℄
ACP(f, t) :=
BR[B¯0 → f ](t)− BR[B0 → f¯ ](t)
BR[B¯0 → f ](t) + BR[B0 → f¯ ](t) := −Cf cos(∆mt) + Sf sin(∆mt) (4)
and the diret CP asymmetry AdirCP(B
− → J/ψK−) = −CJ/ψKS . Inluding the ontribution
from r0 in (3), we obtain
CJ/ψKS = −AdirCP(B− → J/ψK−)
=
2r0 sinφ0 sin θW
1 + 2r0 cosφ0 cos θW + r
2
0
, (5)
ηCP SJ/ψKS = − sin(2β) +
2r0 sin θW (cos(2β) cosφ0 + r0 cos(2β − θW ))
1 + 2r0 cosφ0 cos θW + r20
. (6)
We expet the NP amplitudes to provide small orretions to the SM, 0 ≤ r0 ≪ 1, and
thus to rst approximation we have
CJ/ψKS ≃ 2r0 sin θW sinφ0 ,
ηCP SJ/ψKS + sin(2β) ≃ 2r0 sin θW cosφ0 cos(2β) . (7)
From this we read o the interesting parameter ombinations
|r0 sin θW | ≃
√
(ηCP SJ/ψKS + sin 2β)
2 + (CJ/ψKS cos 2β)
2
2 cos 2β
, (8)
determining the overall size of the deviations of C from 0, and of S from sin 2β, and
tanφ0 ≃
CJ/ψKS cos 2β
ηCP SJ/ψKS + sin 2β
, (9)
6
r 0
si
n
θ W
-1.0 -0.5 0.0 0.5 1.0
0.00
0.05
0.10
0.15
0.20
cos θW
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φ
0
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cos θW
Figure 2: Illustration of the reparameterization invariane: The result for r0 sin θW
(left) and tan φ0 (right) for the t to J/ψK observables with NP ontributions to ∆I = 0
as a funtion of cos θW . (The ase of a SM-like NP phase is given by the entral values
cos θW = −0.38, r0 sin θW = 0.053, tanφ0 = −0.03, orresponding to the t in the last
row of Table 2 below.)
determining the relative size of the two eets.
Notie that from the CP asymmetries alone we annot draw any onlusion about the
value of the NP phase θW . This is a onsequene of a reparameterization invariane (see
e.g. [42℄) whih leaves the deay amplitudes for the neutral B deays in (3), as well as the
branhing fration and the diret CP asymmetry for the harged B deays invariant,
A′0 = A0
(
1 + ξ (r0 e
iφ0 + r1 e
iφ1)
)
,
cos θ′W =
cos θW − ξ√
1− 2 ξ cos θW + ξ2
, sin θ′W =
sin θW√
1− 2 ξ cos θW + ξ2
, (10)
and similar transformations for the amplitude parameters r0,1 and φ0,1, where the parameter
ξ (and therefore also the values for r0,1, φ0,1 and θW ) is arbitrary as long as the hadroni
matrix element A0 for the leading SM ontribution is not given expliitly. In partiular,
for r1 = 0, r0 ≪ 1 and small reparameterizations ξ ≪ 1, we approximately have
r0 → r0
(
1− ξ cos θW +O(ξ2)
)
, φ0 → φ0
(
1 +O(ξ2)) ,
sin θW → sin θW
(
1 + ξ cos θW +O(ξ2)
)
, (11)
whih expliitly shows the reparameterization invariane of (7). The reparameterization
invariane is illustrated in Fig. 2, where as an example we onsider the t result for a
∆I = 0 NP ontribution with θW = π − γSM found in the last row of Table 2 below, and
apply the reparameterizations in (10) to generate the equivalent solutions for other values of
θW . In partiular, we verify that the ombinations r0 sin θW and tanφ0 are approximately
reparameterization-invariant, exept for θW near zero or π.
As a onsequene of the reparameterization invariane, the t to the experimental
data will generally allow for unphysial solutions, where the strong and weak phases are
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tuned in suh a way that the absolute size of the NP ontribution r0 an be unreasonably
large. In order to suppress suh eets, we implement additional onstraints: (i) For small
NP ontributions, the t should not depend on the parameter ombination |r0 cos θW |;
onstraining |r0 cos θW | < 0.4 should therefore only aet the unphysial solutions. (ii) If
the phase θW of the NP operator is lose to the SM one, we do not expet to be sensitive
to NP in CP asymmetries in any ase; we may therefore onentrate on 30◦ ≤ θW ≤ 150◦.
(iii) For θW = π − γSM our t an also be interpreted as a determination of the size of
sub-leading SM ontributions from Cabibbo- and penguin-suppressed amplitudes, whih
possibly may have been underestimated in [39, 40℄. In this ase, one ould also inlude
the information from B → J/ψπ deays to further onstrain the hadroni parameters,
using SU(3) avour symmetry [41℄, and orreting for the dierent relative CKM fators.
Considering the CP asymmetries in B → J/ψπ alone, we nd that the onstraints on r0 eiδ0
are less restritive than and onsistent with the B → J/ψK ase. The ratio of branhing
frations in B → J/ψπ and B → J/ψK further onstrains r0 [41℄. However, we nd that
this ratio essentially depends on the ombination
1
2
Γ[B0 → J/ψK0]
Γ[B0 → J/ψπ0] ≈
λ2
R2SU(3)λ
4 + r20
, (12)
and thus the onstraints on r0 are highly orrelated with the assumptions on the SU(3)
breaking parameter RSU(3) for the ratio of the leading B → J/ψπ and B → J/ψK am-
plitudes. As this ratio annot be estimated in a model-independent way at present, we
refrain from a detailed quantitative analysis. However, it should be mentioned that for
RSU(3) ≈ 1, smaller values for r0 are favoured.
Using the experimental values for CJ/ψKS , SJ/ψKS , and A
dir
CP(B
− → J/ψK−), together
with the value for sin 2β from the indiret determination in Fig. 1, we t the preferred
ranges for the NP parameters  applying the dierent onstraints as disussed above 
as shown in Table 2 and Fig. 3. Sine the value for |Vub| from the average of inlusive
and exlusive deays is lose to its indiret determination from sin 2β, the tted range for
r0 sin θW in this ase is onsistent with zero, and the related strong phase φ0 is unon-
strained. Still, for suiently small strong phases, NP ontributions of the order 20% are
not exluded either. On the other hand, taking into aount the inlusive value of |Vub|
(with its small tension with sin 2β) only, the t prefers non-zero values for r0 sin θW of the
order 5-30% and relatively small strong phases φ0. (Notie that small strong phases are
generally expeted within the QCD fatorization approah to hadroni matrix elements
in the heavy-quark limit [8℄.) Compared to the estimate of SM orretions in [39, 40℄,
the typial order of magnitude for r0 is thus signiantly larger. Although the present
experimental situation is not onlusive, our analysis shows that an improvement of the
experimental preision for B → J/ψK observables or of the theoretial preision in the
|Vub/Vcb| determination may still lead to interesting onlusions.
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φ
0
r0 sin θW
φ
0
r0 sin θW
φ
0
r0 sin θW
φ
0
r0 sin θW
Figure 3: Fit results φ0 vs. r0 sin θW for dierent senarios, see also Table 2. The plots
on the upper half refer to the ase where |Vub| is determined from exlusive and inlusive
deays, whereas for the plots in the lower half only the inlusive value is used. In the
plots on the left only the onstraint |r0 cos θW | ≤ 0.4 is imposed. The plots on the right
are for xed values θW = π − γSM.
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Table 2: Fit to diret and mixing-indued CP asymmetries in B → J/ψK, using the
indiret determination of sin 2β and inluding the ∆I = 0 NP ontribution r0, only. We
show the 1σ ondene level for the two relevant parameter ombinations |r0 sin θW | and
φ0, using dierent additional onstraints to suppress unphysial solutions (see text).
The upper half of the table orresponds to using the sin 2β value from the indiret t
with |Vub|excl.+incl. in Fig. 1. In the lower half, only |Vub|incl. from [19℄ is used.
Senario |r0 sin θW | tanφ0
exl.+inl. θW free |r0 cos θW | ≤ 0.4 [0 to 0.23℄ unonstrained
30◦ ≤ θW ≤ 150◦ |r0 cos θW | free [0 to 0.19℄ unonstrained
30◦ ≤ θW ≤ 150◦ |r0 cos θW | ≤ 0.4 [0 to 0.19℄ unonstrained
θW = π − γSM |r0 cos θW | free [0 to 0.13℄ unonstrained
inl. θW free |r0 cos θW | ≤ 0.4 [0.02 to 0.34℄ [-0.41 to 0.18℄
30◦ ≤ θW ≤ 150◦ |r0 cos θW | free [0.03 to 0.33℄ [-0.26 to 0.12℄
30◦ ≤ θW ≤ 150◦ |r0 cos θW | ≤ 0.4 [0.03 to 0.33℄ [-0.26 to 0.12℄
θW = π − γSM |r0 cos θW | free [0.03 to 0.19℄ [-0.24 to 0.11℄
3.3.2 Fit with ∆I = 0, 1 (new physis in b→ suu¯ or b→ sdd¯)
New physis ontributions to either b→ suu¯ or b→ sdd¯ may lead to isospin asymmetries
between harged and neutral B → J/ψK deay rates and CP asymmetries. In this ase
we may t (3) with both r0 6= 0 and r1 6= 0, and onsider the observables in Fig. 3 together
with the (CP-averaged) isospin breaking in the deay rates [21℄
AI(B → J/ψK) = Γ[Bd → J/ψK0]− Γ[B
± → J/ψK±]
Γ[Bd → J/ψK0] + Γ[B± → J/ψK±] = −0.035± 0.026 . (13)
For small values of r0 and r1, following [43℄, we have the approximate relations
ηCP S + sin 2β ≃ 2 (r0 cosφ0 + r1 cosφ1) sin θW cos 2β ,
AavgCP ≃ −2 r0 sinφ0 sin θW ,
∆ACP ≃ −2 r1 sinφ1 sin θW ,
AI ≃ 2 r1 cosφ1 cos θW . (14)
They are manifestly invariant under the approximate reparameterizations, following from
(10) in the limit ξ = O(r0,1)≪ 1,
sin θW → sin θW
(
1 + ξ cos θW +O(ξ2)
)
,
cos θW → cos θW − ξ sin2 θW +O(ξ2) ,
r0 cos φ0 + r1 cosφ1 → (r0 cosφ0 + r1 cos φ1)
(
1− ξ cos θW +O(ξ2)
)
,
r1 cosφ1 → r1 cosφ1
(
1 + ξ sin θW tan θW +O(ξ2)
)
,
r0,1 sinφ0,1 → r0,1 sinφ0,1
(
1− ξ cos θW +O(ξ2)
)
. (15)
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Figure 4: The result for r0 e
iφ0
(left) and r1 e
iφ1
(right) in the omplex plane from the
t to J/ψK observables, with isospin-breaking NP ontributions b → suu¯ or b → sdd¯.
The new weak phase has been xed to φW = π − γSM.
To keep the disussion simple, we may again onentrate on the speial ase θW = π − γ.
The t result is plotted in Fig. 4. The 1σ parameter ranges are given by
r0 cos φ0 = [−0.077 to 0.112] , r0 sin φ0 = [−0.008 to 0.006] ,
r1 cos φ1 = [ 0.013 to 0.088] , r1 sin φ1 = [ 0.000 to 0.015] . (16)
Notie that again, the strong phases for the preferred ranges turn out to be small. Solutions
for other values of θW an be reonstruted by means of the reparameterization invariane
(15).
We onlude that small deviations from the SM expetations in B → J/ψK an be
explained by NP in either b → suu¯ or b → sdd¯, alone. However, one has to keep in
mind that, ompared to the ontributions from b → scc¯, the b → suu¯ or b → sdd¯ only
ontribute via penguin (r0) or annihilation (r1) diagrams to hadroni matrix elements.
Thus, an additional suppression with respet to the tree-level matrix elements tted in the
last setion (see Table 2) is expeted. Notie that, depending on the atual size of these
suppression fators, our result for r0 and r1 may also be interpreted as due to unexpetedly
large eets from sub-leading SM operators. Again, the information from B → J/ψπ
observables together with assumptions on SU(3) breaking eets ould be used to further
onstrain r0 and r1 in this ase.
3.4 Analysis of B → φK
The disussion of B → φK deays is very similar to the B → J/ψK ase. The most
important dierene is due to the fat that a tree-level operator for b→ sss¯ transitions is
absent in the SM, and therefore the leading SM amplitude A0(B → φK) already reeives a
penguin suppression fator of order λ ompared to A0(B → J/ψK) (see for instane [44℄).
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Consequently, the relative size of both, Cabibbo suppressed SM ontributions as well as
potential NP ontributions, may be enhaned aordingly. Indeed, the experimentally
observed disrepany between SφKS and sin 2β is more pronouned, while estimates within
the SM typially give small eets [5, 12, 45, 46, 47℄.
To keep the notation simple, we use the same symbols ri, φi as in the B → J/ψK to
parameterize NP ontributions to the B → φK deay amplitudes
A(B¯ → φK¯) = A0(B¯ → φK)
[
1 + r0 e
iθW eiφ0 ∓ r1 eiθW eiφ1
]
. (17)
However, one has to keep in mind that both, the involved NP operators and the strong
dynamis in hadroni matrix elements, are dierent.
3.4.1 Fit with ∆I = 0 (new physis in b→ sss¯)
Using the experimental values for the diret and mixing-indued CP asymmetries in B →
φK together with the value for sin 2β from the indiret determination in Fig. 1, we t the
preferred ranges for the NP parameters as shown in Fig. 5. Again, we only quote the result
for a partiular value for the new weak phase, θW = π − γSM. Other solutions follow from
the same reparameterization invariane as in (10). Comparison with the B → J/ψK ase
in Fig. 3 shows:
• Again, the t prefers small strong phases φ0.
• The preferred value for r0 in B → φK is by a fator of 2-3 larger than the one in
B → J/ψK. After orreting for the penguin suppression fator, phase spae and
normalization, this implies that the oeients of the involved NP operators in both
ases may be of similar size.
We emphasize, that the latter observation also implies that unusually large hadroni pen-
guin matrix elements in the SM ould simultaneously explain the B → J/ψK and B → φK
disrepanies.
3.4.2 Inluding ∆I = 1 operators
The urrent data shows no evidene for isospin asymmetries in B → φK deays [24℄,
∆ACP(B → φK) = 0.02± 0.13 ,
AI(B → φK) = 0.04± 0.08 , (18)
although again the relative eets from b → suu¯ and b → sdd¯ operators are expeted to
be larger than in the B → J/ψK ase. We nd it instrutive to turn the argument around
and estimate the potential size of isospin violation in B → φK by simply resaling the
solutions for r0 and r1 in (16) by a fator 2.5 (see above), whih yields the 1-σ estimates
∆ACP(B → φK) ?∼ (0 to 0.14) ,
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φ
0
r0 sin θW
quantity value
sin 2β 0.758+0.012−0.021 ± 0.075
ηCP SφKS −0.39± 0.18
CφKS 0.01± 0.13
ACP(φK
−) 0.034± 0.044
|r0 sin θW | [ 0.08 to 0.35 ℄ (1σ)
tanφ0 [-0.24 to 0.11 ℄ (1σ)
Figure 5: Fit to diret and mixing-indued CP asymmetries in B → φK, using the
indiret determination of sin 2β and inluding the ontribution of a NP operator with
∆I = 0, i.e. b → sss¯. The NP weak phase is set to θW = π − γSM. Left: Condene
levels for the two relevant parameter ombinations |r0 sin θW | and φ0. Right: Input
parameters (upper half [24℄) and 1σ ranges for the output values (lower half) of the t.
AI(B → φK) ?∼ −(0.17 to 0.01) . (19)
The resulting order of magnitude is omparable with the present experimental unertain-
ties. If our estimate makes sense, a moderate improvement of the experimental sensitivity
ould already lead to a positive signal for isospin violation in B → φK.
3.5 Analysis of B → Kπ
In the SM, the general isospin deomposition for B → Kπ deays an be parameterized
as [4, 9℄
A(B− → π−K¯0) = P (1 + ǫa eiφa e−iγ) ,
−
√
2A(B− → π0K−) = P (1 + ǫa eiφa e−iγ − ǫ3/2 eiφ3/2 (e−iγ − qeiω)) ,
−A(B¯d → π+K−) = P
(
1 + ǫa e
iφa e−iγ − ǫT eiφT
(
e−iγ − qCeiωC
))
(20)
and
√
2A(B¯d → π0K¯0) = A(B− → π−K¯0) +
√
2A(B− → π0K−)−A(B¯d → π+K−)
xed by isospin symmetry (i.e. negleting QED and light quark-mass orretions in the
hadroni matrix elements). Here P is the dominating penguin amplitude, whereas the
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quantities ǫT,3/2 ontain tree-operators but are doubly CKM-suppressed. Without any
assumptions on strong interation dynamis, in the isospin limit one is left with 11 inde-
pendent hadroni parameters for 9 observables. In order to test the SM against possible
NP eets in these deays, one needs additional dynamial input. Qualitative results from
QCDF [9℄ inlude:
• The SU(3)F symmetry predition [3℄
q eiω ≃ −3
2
|VcbV ∗cs|
|VubV ∗us|
C9 + C10
C1 + C2
(21)
only reeives small orretions.
• The parameter ǫa eiφa is negligible in QCDF. Consequently the diret CP asymmetry
in B− → π−K0 is tiny (in aord with experiment).
• The parameter qC eiωC is of minor numerial importane.
• The parameters ǫT and ǫ3/2 are expeted to be of the order 20-30%, with the related
strong phases of the order 10◦. Furthermore, at least at NLO auray, the dier-
ene between ǫT e
iφT
and ǫ3/2 e
iφ3/2
is a sub-leading eet proportional to the small
oeients a2,7,9 in QCDF.
In the subsequent ts, we will set ǫa to zero and use the values from [9℄,
q = 0.59± 0.12± 0.07 , ω = −0.044± 0.049 , (22)
qC = 0.083± 0.017± 0.045 , ωC = −1.05± 0.86 , (23)
in order to redue the number of independent hadroni parameters within the SM to 5.
(Notie that the overall penguin amplitude parameter P in (20) will not be onstrained
from theory, but will essentially be xed by the experimental data for the B± → π±K0
branhing frations.) Tensions in the t, or inompatible values for the parameters ǫT,3/2
and φT,3/2 then may be taken as indiation for possible NP ontributions.
3.5.1 New physis in B → Kπ ?
The ritial observables in B → Kπ transitions are [32℄
Rc = 2
[
BR(B− → π0K−) + BR(B+ → π0K+)
BR(B− → π−K¯0) + BR(B+ → π+K0)
]
= 1.11± 0.07 ,
Rn =
1
2
[
BR(B¯d → π+K−) + BR(Bd → π−K+)
BR(B¯d → π0K¯0) + BR(Bd → π0K0)
]
= 0.97± 0.07 ,
∆A = AdirCP(B
± → π0K±)− AdirCP(Bd → π∓K±) = 0.142± 0.029 ,
Cpi0KS = 0.14± 0.11 , ηCP Spi0KS = −0.38± 0.19 . (24)
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Table 3: SM t results for ǫT , φT , ǫ3/2, φ3/2, with ǫa = 0 and q e
iω
and qC e
iωC
varied
aording to (22,23) from [9℄. The best t values for the latter parameter are obtained as
q = 0.49, ω = 0.005, qC = 0.038, ωC = −1.91. For omparison, we show in the last line
estimates for the orresponding hadroni parameters from [32℄ whih have been obtained
by relating B → πK to B → ππ via SU(3) relations and dynamial assumptions (entral
values only).
ǫT φT ǫ3/2 φ3/2 Re∆ǫ Im∆ǫ
Best: 0.21 0.21 0.04 0.07 0.18 0.07
1σ: [0.10, 0.32℄ [0.10,0.50℄ [0.01,0.15℄ [0.05,0.09℄ [0.07,0.33℄ [0.05,0.09℄
2σ: [0.05,0.44℄ [0.05,1.32℄ [0.00,0.38℄ [0.03,0.11℄ [-0.13,0.42℄ [0.03,0.11℄
r δ rc δc −ρn cos θn −ρn sin θn
[32℄ 0.12 0.44 0.20 0.02 −0.10 0.04
Within our SM approximation, we expet (see also [13℄)
Rc − Rn ≃ 2 ǫ3/2
(
ǫT − ǫ3/2
(
1− q2))+O(λ3) , (25)
∆A ≃ Cpi0KS ≃ 2
(
ǫT sin φT − ǫ3/2 sinφ3/2
)
+O(λ3) , (26)
ηCP Spi0KS ≃ − sin 2β + 2 cos 2β
(
ǫT − ǫ3/2
)
+O(λ2) , (27)
where we used that ǫT,3/2 ∼ λ, φT,3/2 ∼ λ, qc ≃ 0, ω ≃ 0, and cos γ ∼ λ in the SM.
Considering the reent experimental data, the rst relation turns out to be well fullled,
whereas the seond and third relation require a sizeable dierene between ǫT e
iφT
and
ǫ3/2 e
iφ3/2
.
To quantify this observation, we perform a t (within the SM) to the quantities ǫT e
iφT
and ǫ3/2 e
iφ3/2
, as shown in Table 3. In Table 4 (3rd olumn) we ompare the best t result
with experimental data and observe a very good agreement. In partiular, the expeted
approximate equality ∆A ≃ Cpi0KS is fullled by the data. The tted values for the
individual amplitude parameters ǫT , φT , ǫ3/2, φ3/2 are in qualitative agreement with the
expetations from QCDF. However, the omparison of ǫT e
iφT
and ǫ3/2 e
iφ3/2
shows sizeable
deviations,
∆ǫ := ǫT e
iφT − ǫ3/2 eiφ3/2 6= 0 ,
whih are inompatible with the NLO preditions from QCDF (for the status of NNLO
preditions, see [48, 49, 50, 51℄). In the notation for topologial amplitudes [52℄ this would
orrespond to
3
a ratio C/T = |∆ǫ/ǫT | in the range [0.52 − 3.00] with the entral value
at 0.89. Assuming that higher-order QCD eets and non-fatorizable power orretions
annot substantially hange the approximate equality between ǫT and ǫ3/2, this might be
taken as a weak indiation of NP in B → Kπ deays (for a reent disussion, see also [31℄).
3
In a parameterization where the annihilation topology A˜ is expliit [4℄, one has |∆ǫ/ǫT | = (C˜+A˜)/(T˜−
A˜), where T˜ (C˜) denote the olour-allowed(-suppressed) tree amplitude.
15
Im
(∆
ǫ)
Re(∆ǫ)
Figure 6: SM t results for ∆ǫ in the omplex plane, with ǫa = 0 and q e
iω
and qC e
iωC
taken from [9℄.
It is also interesting to ompare the tted values for ∆ǫ with the latest estimates obtained
in [32℄ on the basis of SU(3) relations and dynamial assumptions about sub-leading deay
topologies, see last row in Table 3. In this ase, a sizeable C/T ratio is obtained from a
t to the B → ππ observables, but with the wrong sign for the orresponding strong
amplitude, ompared to our SM t. As the dynamial mehanism for generating (sizeable)
strong phases in harmless non-leptoniB deays is not ompletely understood, a resolution
of the observed disrepanies in ∆ǫ from non-fatorizable QCD orretions within the SM
annot be exluded (see, for instane, the disussion in [53℄).
We may interpret the required dierene between ǫT and ǫ3/2 as due to NP ontributions
in the ∆I = 1 Hamiltonian. In this ase the t result for the quantity ∆ǫ, shown in Fig. 6,
is already a measure for the possible eet of NP operators. Notie however, that again
the weak phase assoiated with these operators annot be xed. To ontinue, we follow a
similar line as in the analysis of B → J/ψK and B → φK deays, and assume that only
one partiular NP operator of the type b→ sqq¯ gives a signiant ontribution in B → Kπ
deays.
3.5.2 New physis ontributions with ∆I = 0 only
The presene of a NP ontribution with ∆I = 0 (in our ase, this inludes the harm
penguin b→ scc¯, as well as b→ sss¯ and b→ s(uu¯+ dd¯)) has the same impat as the SM
parameter ǫa in (20), exept for a possibly dierent weak phase. Within our approximation,
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Table 4: Experimental data for B → Kπ-deays vs. various best t results. The third
olumn shows the SM t with ∆ǫ 6= 0, whih orresponds to χ2/d.o.f. = 2.43/3. The
fourth olumn shows the best t result for ∆ǫ = 0 (with ǫT e
iφT = ǫ3/2 e
iφ3/2
varied
aording to their QCDF ranges, see text) and a NP ontribution with ∆I = 0 and
θW = π − γSM, yielding χ2/d.o.f. = 18.5/6. The last olumn shows the analogous t
result for a NP ontribution from (essentially) b → suu¯ with θW = π − γSM, whih
orresponds to χ2/d.o.f. = 2.91/3. Experimental values taken from HFAG [24℄.
Observable HFAG (after ICHEP'06) SM t NP (I = 0) NP (I = 0, 1)
BR(π0K−) · 106 12.8± 0.6 12.2 12.6 12.6
BR(π−K¯0) · 106 23.1± 1.0 23.9 23.8 23.8
BR(π+K−) · 106 19.4± 0.6 19.7 19.6 19.6
BR(π0K¯0) · 106 10.0± 0.6 9.5 9.0 9.2
ACP (π−K¯0) 0.009± 0.025 0∗ −0.02 0∗
ACP (π0K−) 0.047± 0.026 0.048 0.001 0.049
ACP (π+K−) −0.095± 0.015 −0.095 −0.06 −0.094
ηCP Spi0KS −0.38± 0.19 −0.39 −0.34 −0.48
Cpi0KS 0.12± 0.11 0.14 0.06 0.13
Rc 1.11± 0.07 1.02 1.06 1.06
Rn 0.97± 0.07 1.04 1.09 1.07
∆A 0.142± 0.029 0.143 0.06 0.143
one thus obtains
A(B− → π−K¯0) ≃ P (1 + r0 eiφ0 eiθW ) ,
−
√
2A(B− → π0K−) ≃ P (1 + r0 eiφ0 eiθW − ǫ3/2 eiφ3/2 (e−iγ − qeiω)) ,
−A(B¯d → π+K−) ≃ P
(
1 + r0 e
iφ0 eiθW − ǫT eiφT
(
e−iγ − qC eiωC
))
, (28)
where r0 e
iφ0 eiθW parameterizes the NP amplitude with ∆I = 0. As explained above, the
QCDF approah predits small values ∆ǫ ≈ 0. In the following NP ts to B → Kπ deays,
we will therefore x ∆ǫ = 0 for simpliity, and vary the ommon values in the ranges
ǫT = ǫ3/2 = 0.23± 0.06flat ± 0.05gauss , φT = φ3/2 = −0.13± 0.11flat , (29)
whih have been determined by ombining the QCDF errors [9℄ on the individual parame-
ters (at errors are ombined linearly, and the larger of the Gaussian errors is hosen). As in
the B → φK example, sine the leading SM amplitudes are already penguin-suppressed,
we expet r0 ≤ O(1) and φ0 ≤ O(λ). Generially, we now expet a sizeable diret CP
asymmetry in B− → π−K¯0 of the order λ. The experimental value for that asymmetry
should therefore be inluded in the t and will essentially onstrain the parameter ombi-
nation r0 sin φ0. On the other hand, using the power-ounting ǫi, qC , ω, φi ∼ λ, a ∆I = 0
NP operator does not ontribute to the ritial observables AI and ∆ACP in (24) at order
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Table 5: Fit to ∆I = 0 NP ontribution in B → Kπ. We show the 1σ ondene levels,
assuming ∆ǫ = 0 (with ǫT e
iφT = ǫ3/2 e
iφ3/2
varied aording to their QCDF ranges, see
text), ǫa = 0 and with q e
iω
and qC e
iωC
varied aording to (22,23) from [9℄.
θW |r0| tanφ0 χ2/d.o.f.
5π/6 [0.31 to 0.43℄ [0.00 to 0.03℄ 14.9/6
2π/3 [0.23 to 0.35℄ [0.01 to 0.06℄ 17.9/6
π − γSM [0.22 to 0.34℄ [0.01 to 0.07℄ 18.5/6
π/3 [0.23 to 0.50℄ [0.06 to 0.15℄ 24.6/6
π/6 [0.15 to 0.68℄ [0.21 to 0.54℄ 34.4/6
λ, either. As explained in [32℄ and referenes therein, these observables are sensitive to
∆I = 1 operators whih, in the SM, are represented by eletroweak penguin operators.
As a result, the NP t with ∆I = 0 ontributions generally leads to a bad desription
of the experimental data, exept for ertain ne-tuned parameter ombinations
4
with small
NP phase θW and unreasonably large values for the amplitude normalization fator P . To
avoid suh ne-tuned senarios, we onsider some partiular examples with xed NP phase
θW , see Table 5. We thus onrm on a quantitative level that ∆I = 0 NP ontributions
alone annot resolve the B → Kπ puzzles.
3.5.3 New physis with ∆I = 0, 1 (b→ suu¯ or b→ sdd¯)
New physis ontributions with ∆I = 1 indue two new isospin amplitudes
r
(1/2)
1 e
iθW eiφ
(1/2)
1 P , and r
(3/2)
1 e
iθW eiφ
(3/2)
1 P ,
orresponding to nal |Kπ〉 state with I = 1/2 or I = 3/2. Using the onnetion between
(20) and isospin amplitudes (see e.g. [53℄), we obtain (again within our approximation)
A(B− → π−K¯0) ≃ P
(
1 +
[
r0 e
iφ0 + r
(1/2)
1 e
iφ
(1/2)
1 + r
(3/2)
1 e
iφ
(3/2)
1
]
eiθW
)
,
−
√
2A(B− → π0K−) ≃ P
(
1 + r0 e
iφ0 eiθW − ǫ3/2 eiφ3/2
(
e−iγ − q eiω)
+
[
r
(1/2)
1 e
iφ
(1/2)
1 − 2r(3/2)1 eiφ
(3/2)
1
]
eiθW
)
,
−A(B¯d → π+K−) ≃ P
(
1 + r0 e
iφ0 eiθW − ǫT eiφT
(
e−iγ − qC eiωC
)
−
[
r
(1/2)
1 e
iφ
(1/2)
1 + r
(3/2)
1 e
iφ
(3/2)
1
]
eiθW
)
. (30)
In order to redue the number of free parameters in the t, and to avoid unphysial
solutions, we apply additional assumptions/approximations:
4
Notie, that ontrary to the B → φK and B → J/ψK analyses, we annot exploit reparameteri-
zation invariane here, beause we deided to onstrain ertain hadroni input values from QCDF. As a
onsequene, the t results will expliitly depend on the value of the NP weak phase.
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Table 6: Same as Table 5 for the t with ∆I = 0, 1 NP ontribution in B → Kπ.
θW |r(1/2)1 | tanφ(1/2)1 |r(3/2)1 | tanφ(3/2)1 χ2/d.o.f.
5π/6 [0.04 to 0.08℄ [ 0.06 to 0.08℄ [0.00 to 0.04℄ unonstr. 4.3/3
2π/3 [0.03 to 0.07℄ [-2.65 to -0.51℄ [0.00 to 0.05℄ unonstr. 3.5/3
π − γSM [0.03 to 0.09℄ [-9.89 to 0.38℄ [0.00 to 0.07℄ unonstr. 2.9/3
π/3 [0.04 to 0.11℄ [-16.4 to -0.42℄ [0.41 to 0.51℄ unonstr. 0.4/3
π/6 [0.20 to 0.26℄ [-0.41 to -0.03℄ [0.65 to 0.70℄ unonstr. 1.7/3
• Following the experimental observation, we fore the diret CP asymmetry in B− →
π−K¯0 to vanish identially, whih yields the relation
r0 e
iφ0 + r
(1/2)
1 e
iφ
(1/2)
1 + r
(3/2)
1 e
iφ
(3/2)
1 = 0 ,
whih we use to eliminate the parameters r0 and φ0. This eetively implies that we
deal with a b→ suu¯ operator whih does not ontribute to B− → π−K¯0 in the naive
fatorization approximation.
• Again, we assume the SM ontributions to the amplitude parameters ǫT and ǫ3/2 to
lie within the QCDF ranges, see (29).
In Fig. 7 we display the results for the NP parameters r
(1/2)
1 e
iφ
(1/2)
1
and r
(3/2)
1 e
iφ
(3/2)
1
in
the omplex plane, for dierent values of the NP weak phase θW . The orresponding 1σ
ranges are olleted in Table 6. The resulting entral values for the observables in the ase
θW = π − γSM are listed in the last olumn of Table 4. We observe that the t depends
on the value of the NP weak phase θW in an essential way. In partiular, depending on
whether θW is less or greater than π/2, we enounter disjunt regions in parameter spae.
One of the regions always orresponds to relatively small values of r
(1/2,3/2)
1 . 10%, whereas
for values of θW lose to 0 or π solutions with r
(1/2,3/2)
1 as large 50% are possible.
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Figure 7: Fit results for∆I = 1 NP ontributions r
1/2
1 e
iφ
1/2
1
(left) and r
3/2
1 e
iφ
3/2
1
(right),
with ǫa = 0, ∆ǫ = 0 and AdirCP(π−K¯0) = 0, see also text. The plots in the upper row
refer to a weak phase θW = 5π/6, the ones in the middle row to θW = π − γ, and the
lower ones to θW = π/6.
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4 Conlusions
To date, avour physis is evolving from the B-fatory era to the LHC era. While the
former has led to an enormously suessful onrmation of the CKM mehanism in the
SM, the latter is expeted to reveal diret and indiret signs for physis beyond the SM
with interesting interplay between high-pT and avour physis [55,56,57℄. In this ontext,
a ruial task is to onstrain the avour struture of NP models, manifesting itself in rare
quark and lepton deays and prodution and deay of new avoured partiles.
While within onrete NP models the hiral, avour and olour struture of new op-
erators ould be ompletely speied, the present work pursues a model-independent ap-
proah. Assuming the dominane of an individual NP operator, the analysis of B → J/ψK,
B → φK and B → Kπ observables allows us to infer semi-quantitative information about
the relative size of NP ontributions to b → s cc¯, b → s ss¯, b → s dd¯, and b → s uu¯
operators. The main onlusions to be drawn are:
• From the omparison of isospin-averaged B → J/ψK and B → φK observables
we nd that  after orreting for relative penguin, phase-spae and normalization
fators  NP ontributions to b → scc¯ and b→ sss¯ operators may be of similar size
(order 10% relative to a SM tree operator).
• In a senario, where b → sdd¯ is the only soure for NP ontributions in B → πK
observables, while the SM ontributions are estimated in QCD fatorization, one
annot simultaneously explain the individual CP asymmetries. In partiular, the
experimental value for ACP(π
+K−), whih does not reeive leading NP ontributions
from b→ sdd¯, annot be reprodued in a senario with negative strong phase φT .
Moreover, the small diret CP asymmetry for B− → π−K¯0 requires the matrix
element of a b→ sdd¯ NP operator to have either a small oeient or a small phase.
• This leaves the b → suu¯ operators, whih orrelate isospin-violating observables in
B → J/ψK and B → Kπ deays, and may be even somewhat larger (order 20%
relative to a SM tree operator) than the b→ scc¯ and b→ sss¯ operators.
In all ases, in order to explain deviations from SM expetations for CP asymmetries
without ne-tuning of hadroni parameters (see the disussion after (11)), we have to
require non-trivial weak phases (θW 6= 0, π), whih ould be due to NP, albeit the ase
θW = π − γSM is always allowed, too. Consequently, our ndings are still ompatible with
a SM senario where non-fatorizable QCD dynamis in matrix elements of sub-leading
operators is unexpetedly large.
In the future, an improvement of experimental auray, in partiular on the isospin-
violating observables, ould lead to even more interesting onstraints on the relative impor-
tane of dierent b→ sqq¯ operators and their interpretation within partiular NP models
with MFV [34,35, 36℄ or beyond (see e.g. [58, 59, 60, 61, 62℄).
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